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Abstract 
Inyu, like soy sauce, is a traditionally fermented condiment in Taiwan and made by black beans. It has special 
properties in flavors and qualities, however, its market share is lower than soy sauce made by automatic koji-making 
method due to limitation in production scale and labor cost. In this study, the optimum soaking and cooking 
conditions were determined by response surface methodology (RSM), and the mechanically koji-making method was 
investigated to evaluate the feasibility of koji-making method for Inyu as compared to the traditional method. 
According to superimposed plots of enzyme susceptibilLW\ DQGHQ]\PHDFWLYLW\ FRRNLQJ DW   IRU PLQ DIWHU
soaking with water at room temperature for 4 hr was the optimum cooking conditions of black beans for making Inyu. 
The water content and hardness of the cooked black beans were 50.7% and 61.6 g, respectively. The proper water 
content and protein denaturation were required for growth of koji mold and protein hydrolysis by enzymes produced 
during koji making. The thickness of cooked black beans was related to water loss during mechanical koji-making. 
Water content of the koji with the 6-cm thickness was too low to be available for koji mold and only low enzyme 
activities were obtained. On the other hand, enzyme activities for the koji thickness at 12-18 cm were higher than that 
from traditionally koji-making method. The activities of acid-, neutral-, alkaline-protease and amylase were 423, 543, 
525, and 1127 units/g dry koji for the koji thickness at 12 cm. Faster growth and the mycelium stretched to cotyledon 
of the black beans were observed for the koji mold by mechanical koji-making method than that of traditionally 
method. Therefore, koji-making through an automatic process by mechanized facilities was feasible in manufacturing 
of Inyu. 
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1. Introduction 
Inyu is a traditionally fermented food and popular condiment in Taiwan. It is made from black beans 
through soaking, steam cooking, fungus inoculating, koji-making by artificial method, koji-washing, 
incubating, salt adding, and outdoor fermenting in vats. As compared to soy sauce, Inyu is a darker colour 
and thicker odour product, and it can be used for marinating, stewing and dipping [1]. However, Inyu is 
still made by the traditionally koji-making method until now, the yield of Inyu is quite lower than that of 
soy sauce which is made by automatic koji making. The mechanical koji making for soy sauce was first 
applied in Japan and 1955, and that increased the nitrogen utility of soy beans, decreased the time of koji 
making and the consumption of koji mold [2]. Therefore, the market share of soy sauce is quite higher 
than Inyu. 
According to the regulation of Chinese National Standard, Inyu and soy sauce are condiments made 
from vegetative proteins via fermentation and aging. The standard of the first-grade Inyu includes the 
total and amino nitrogen contents of over 1.2 and 0.48 g/100 mL, respectively. The processes of soaking 
and steam cooking are the two major factors that affect the efficiency of koji making and, of course, the 
quality of the Inyu product [3]. The black bean proteins are the nitrogen source of Inyu, so the 
digestibility of the proteins by proteases from koji molds would influence the yield and the flavour of the 
final product. The koji-making objective is to produce more digestive enzymes, especially proteases, and 
the proteases can decompose proteins into peptides and amino acids [4]. 
The conditions for koji making are the temperature of 32-34ɗ, relative humidity of over 95%RH and 
continuous air exchange. The traditionally koji-making method is to mix the black beans and koji molds, 
to stir the koji and to ventilate manually. Although the mechanically koji-making method is convenient 
and labour-saving, the thickness of koji is the major factor that would affect the growth of koji molds [5]. 
In this study, the physical and chemical properties of the cooked black beans designedly treated at 
different soaking time, cooking temperature and cooking time by RSM were determined to obtain the 
optimum cooking conditions. Furthermore, the mechanically koji-making method in different thickness of 
the cooked beans was investigated to evaluate the feasibility for Inyu production. 
 
2. Materials & Methods 
2.1.  Raw Materials 
Tai-nan 5 black beans [Glycine max (L.) Merrilx] were purchased from the Farmers’ Association in 
Tainan City. The koji molds (A. oryzae) were purchased from San-I Brewing Chemical Factory in 
Taichung City. The Inyu koji made by traditionally koji-making method was supplied from Yuan-Tai 
Food Factory in Taichung City. 
2.2. Soaking and steam cooking 
 The black beans were soaked in tap water (1:10; w/w) at 25ɗ for 2, 4 or 6 h, and then they were 
steam cooked at 116, 124 or 132ɗ for 15, 23 and 31 min. After cooking, the cooked black beans were 
cooled at 25ɗ for 30 min. 
 
2.3. Moisture content was determined by using AOAC method [6]. 
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2.4. Hardness 
The hardness of the cooked black beans was analyzed by a rheometer (CR-200D, Sun Scientific Co. 
Ltd., Japan) with mode 1 (puncture) and No. 6 adaptor. The hardness was expressed as g炽force. 
2.5. Protease susceptibility 
One gram of cooked black beans was suspended in 100 mL water, and the pH of the suspension was 
adjusted to 7.5 by 0.1 M phosphate buffer (pH 8.0) [7]. Then the suspension was added with 2 mL 
protease (from A. oryzae, 3.5 unit/mg solid, Sigma Chemical Co., St. Louis, Mo., USA) and incubated at 
37ɗ for 24 h. The mixture was heated at 100ɗ for 5 min to stop the enzyme reaction. The protein 
susceptibility was shown as mg formalin nitrogen per gram of sample. 
2.6. Amylase susceptibility 
One gram of cooked black beans was suspended in 50 mL, and the pH of the suspension was adjusted 
to 4.8. The enzymatic reaction was started by adding 0.5 mLġ ȕ-amylase (from barley, Sigma Chemical 
Co., St. Louis, MO., USA), and the mixture was incubated at 25ɗ for 20 min. The amylase susceptibility 
was shown as mg maltose per gram of sample [8]. 
2.7. Mechanical koji making 
The cooked black beans were placed on the koji bed with ventilation at 35ɗ for 30 min, mixed with 
0.15% koji mold (w/w) and 1.5% baked wheat powder, controlled the koji thickness of 6, 12 and 18 cm 
and incubated at 32±2ɗ, RH烍95% for 5 d. 
2.8. Statistical analysis 
A response surface methodology was applied to analyze the effect of soaking time (X), cooking 
temperature (Y) and cooking time (Z) on quality variables (responses) (Table 1). The equation was shown 
as 
        R=b0+bxx+byy+bzz+bxxx2+byyy2+bzzz2+bxyxy+bxzxz+byzyz 
    bi represent the constant of each factor.  
 
Table 1. Process variables and their levels in the three variables-three levels response surface design 
Levels Independent variables Coded symbols 
Coded Uncoded 
1 6 
0 4 Soaking time  (h) X 
-1 2 
1 132 
0 124 Cooking temperature (ɗ) Y 
-1 116 
1 31 
0 23 
Cooking time  
(min) Z 
-1 15 
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3. Results & Discussion 
3.1. Moisture content and hardness 
The moisture content of soybeans affects the efficiency of protein denaturation during cooking, and 
higher moisture content would accelerate the denaturation of soy proteins than lower moisture content [2]. 
The moisture content of cooked soybean was about 58-62% [4]. The soaking time would affect the 
moisture content of cooked black bean significantly (p烋0.01) (Figure 1), and the moisture content could 
reach 57% with the soaking time of 6 h. It is suggested that the optimum moisture content of cooked 
black beans for making Inyu is about 50-52% [9], so the soaking time of 4 h was chosen. 
The hardness of cooked black beans would affect the hyphae embedment of koji mold and the 
secretion of protease the amylase during koji making. All the factors significantly affected the hardness of 
cooked black beans (p烋0.01) (Figure 2), and the soaking time had the greater effect than the other two 
factors. The soaking time of 6 h, cooking temperature at 124ɗ for 25 min, while the soaking time of 4 h 
and cooking temperature at 130ɗ, would result in the lowest hardness of cooked black bean. 
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Fig. 1. Contour plot of water content (%) responded with soaking time and cooking 
temperature 
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Fig. 2. Contour plot of hardness (g炽force) responded with soaking time and cooking 
temperature 
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3.2. Enzyme susceptibility 
    The soaking time had greater protease susceptibility than cooking time and temperature (Figure 3). The 
result showed that the moisture content of black beans affected the protein denaturation during cooking 
process, and previous studies have shown the similar results [2, 4]. In Figure 3, we could get the point of 
maximum response (PMR) at all cooking temperatures. However, the PMR moved to the lower right 
corner of the plot with higher cooking temperature and longer soaking time. Soaking for 4 h, cooking at 
116ɗ for 23 min and soaking for 5 h, cooking at 132ɗ for 18 min resulted in the similar protease 
susceptibility as the content of protein denaturation. 
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Fig. 3. Contour plot of protease activity (unit /g dry koji) responded with soaking time 
and cooking time 
     
    Soybean contains about 35% carbohydrate which includes soluble and insoluble fractions [10]. The 
cooking temperature had greater effect on ȕ-amylase susceptibility than soaking and cooking time (Figure 
4). The result showed that high temperature resulted in starch gelatinization, and therefore, the gelatinized 
starch could be digested by amylase.  
    According to the results, the optimum conditions were soaking time of 4 h, cooking temperature at 132
ɗ and cooking time of 23 min. 
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Fig. 4. Contour plot of ȕ-amylase activity (unit /g dry koji) responded with soaking time 
and cooking temperature 
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3.3. Mechanical koji making 
    The moisture content of cooked black beans were about 50% (Figure 5A), and it decreased gradually 
during koji making. The moisture loss increased with the low thickness of koji due to the ventilation and 
the heat from fermentation of koji mold growth. The changes in moisture content of traditional and 18-cm 
thickness koji making were similar, and the moisture content of the final koji was about 22%. The koji 
thickness of the traditional koji making was about 4 cm, therefore, using mechanical koji making would 
increased the thickness of koji. The pH of koji during koji making was almost constant (Figure 5B). The 
highest activities of enzymes (alkaline, neutral, acidic proteases, and amylase) were all obtained at the 
koji thickness of 12 or 18 cm during koji making for 1 or 2 d (Figure 5C-F). The similar result was 
reported by the previous study [11].  
    Table 2 showed the free amino acid contents of raw Inyu products made by different methods. The 
total free amino acid content (46.99 mg/mL) of raw Inyu made by mechanical koji making was lower 
than that (50.22 mg/mL) made by traditional koji making. However, the glutamic acid content was 12.01 
mg/mL (25% of total free amino acid contents) higher in mechanically koji-making Inyu. 
    Table 3 showed the proximate composition, except of NaCl content, of raw Inyu made from the 
traditional and mechanical koji making. All the proximate compositions of raw Inyu made from 
mechanical koji making were insignificantly (p烍0.05) lower than those from traditional koji making. The 
total and amino nitrogen of raw Inyu made from mechanical koji making were 3.29%, 1.27%, 
respectively, and they were all higher than the first-grade Inyu regulated by Chinese National Standards. 
Therefore, this study showed the mechanical koji making was feasible for Inyu production. 
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Fig. 5. Changes in (A) moisture content, (B) pH, (C) alkaline protease activity, (D) neutral protease activity, (E) acidic protease 
activity and (F) amylase activity during koji making in various thickness. TK: traditional koji making. 
Table  2. Comparisons in composition of free amino acid in raw inyu made from the traditionally and mechanical koji-making 
Free amino acid (ˁ)  
Dġ T S E P G A C/2 V M Iġ Lġ Yġ Fġ Hġ Kġ Wġ Rġ ŕŰŵŢŭġ
Mechanical 
koji-making 
6.6ġ 5.8ġ 5.1ġ 25ġ 4.3ġ 3.9ġ 7.8ġ 0.1ġ 5.3ġ 1.8ġ 3.9ġ 6.1ġ 1.2ġ 2.1ġ 3.6ġ 13ġ 0.1ġ 3.4ġ 100ġ
Traditional-
ly koji-
making 
5.2ġ 2.6ġ 1.6ġ 20ġ 7.1ġ 2.1ġ 5.2ġ 4.2ġ 10ġ 1.3ġ 9.0ġ 9.3ġ 0.9ġ 4.7ġ 1.3ġ 11ġ 1.3ġ 1.9ġ 100ġ
 
Table 3. Proximate composition of raw inyu made from the traditionally and mechanical koji-making 
Composition Mechanical koji-making Traditionally koji-making 
TNa (%) 3.29f0.03* 3.35f0.27 
FN (%) 1.82f0.06 1.93f0.04 
AN (%) 1.27f0.14 1.37f0.06 
FN/TN (%) 55.31 57.54 
AN/TN (%) 38.57 40.86 
pH 5.72f0.01 6.02f0.01 
Acidityb (%) 1.61±0.04 1.78±0.04 
Reducing sugarc (%) 2.7f0.17 3.02f0.05 
NaCl (%) 22.90f0.56 21.02f1.29 
a TN˖Total nitrogen, FN˖Formalin nitrogen 
 AN˖Amino nitrogen, FN/TN˖Protein hydrolysis ratio 
b Expressed as lactic acid 
c Expressed as glucose 
*values represent means of triplicates 
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4. Conclusions 
The optimum cooking conditions for Inyu production were the soaking time of 4 h, cooking 
temperature at 132ɗ and cooking time of 23 min. The cooked black beans were used for mechanical koji 
making, and the koji thickness of 12-18 cm would result in the great growth of koji mold and the 
activities of enzymes. The final product made from mechanical koji making was quite similar to that from 
traditional method. Therefore, the mechanical koji making is feasible for Inyu production. 
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